Talar fractures account for <1% of all fractures in the body and 3% to 6% of pedal fractures. Of these fractures, avulsion and neck fractures represent the most and second most common type, respectively. Several classification systems exist for talar fractures of the talar dome (Berndt-Hardy), talar neck dislocation (Hawkins), and talar body (Sneppen) anatomic locations. Although diverse, they are not all encompassing for fracture patterns of the talus. Another set of pathologic issues occur about the talar head and neck region that can be seen in the clinical setting. Thus, a new classification system (Malvern classification system for talar head/neck fractures) was devised and defined for this location. The system represents a comprehensive review of the available published data and synthesis into an organized classification system. Ó 2017 by the American College of Foot and Ankle Surgeons. All rights reserved.
Fractures of the talus account for <1% of all fractures in the body, consisting of 3% to 6% of all pedal fractures (1) . In reviewing the classification system data, we found named systems for the talar dome (Berndt-Harty), talar neck dislocation (Hawkins) , and talar body (Sneppen) fracture patterns (1) (2) (3) (4) . Within these systems, examples exist of small fragment fracture pathology for both the talus and the navicular (Table 1) . However, no system has included these fractures that involve the talar neck and head region. Although often small in size, fractures and anatomic variants resembling fractures to this anatomic location are seen in the clinical setting and have been reported in published studies mainly on a case by case basis. In a further review of the published data, other types of talar head and neck pathology have not been categorized in the current classification systems. Realizing that the currently published systems (i.e., BerndtHarty, Hawkins, Sneppen) are not all encompassing (Table 2) , specifically for this region of the talus, a new system was devised to define the pathology to this anatomic location of the talus.
The name of the system, Malvern, is a tribute to the borough of our primary office located 25 miles west of Philadelphia, Pennsylvania.
Historically, the naming of the town is a mystery. One theory is that the town, owing to its raised elevation compared with the surrounding communities, mirrored the Malvern Hills in England and/or Malvern Hill in Virginia and was thus named by the original settlers.
The new system, the Malvern classification system (Tables 3 and 4) , defines the pathology localized to the talar head and neck. This system was determined from the observed pathologic issues encountered at our office and a detailed review of the published data. The purpose of the present study was to report a new proposed classification system for defining talar head and neck pathology. The system is designed to define the pathology by anatomic location, incidence, mechanism of injury, radiographic characteristics, key characteristics, and recommended treatment options. This project represents a comprehensive review of the available data synthesized into an organized classification system and commonly seen pathologic features located to the talar head and neck that has, to this point, not been organized into a succinct classification system compared with other portions of this bone.
Materials and Methods
Initially, we discussed various types of potential pathology to the talar head and neck according to historical experience and office presentations. From the discussion, a list was formulated, creating the initial framework for the Malvern classification system in its rawest format. To enhance the validity of the list, we performed a literature search and review to define the various forms of pathology that occur about the talar head and neck. A PubMed advanced key word search was performed on March 1, 2016.
The search criteria keywords used include talar head, talar neck, talar pathology. The search did not employ any language filters, date filters, or article-type filters. The titles, abstracts, and/or database tags of the resulting studies were reviewed to determine their validity regarding their relevancy to the primary search goal of obtaining studies demonstrating pathology to the talar head and neck. From these reports, a secondary identification process was performed using the relevant cited references within the initially discovered reports to provide a complete search discovery of talar head and neck pathology that fit the primary purpose of the present review. The secondary review was performed by recalling the studies referenced in the initially discovered studies to collect more information pertaining to the main review points. Image reprint requests were obtained. The inclusion criterion was contained to studies reporting on pathology to the talar head and neck and excluding pathology not accompanied by >3 of the necessary information points for our review (i.e., incidence, mechanism of injury, radiographic characteristics, key characteristics, recommended treatment options).
The zone of pathology was defined as the talar head and neck area and was the only inclusion criterion (Fig. 1 ). If possible, from the reported data, the location, incidence, mechanism of action/injury/existence, imaging information, treatment, and any additional key points were identified. Specifically regarding imaging information, details have been described regarding important film views (dorsoplantar, lateral, oblique) and imaging series (radiographs [XRs] , magnetic resonance imaging [MRI] , or computed tomography [CT]) required for a more accurate diagnosis. The treatments range from closed reduction (CR), immobilization in a controlled ankle motion (CAM) boot, open reduction and internal fixation (ORIF), and periods of non-weightbearing (NWB) and protected weightbearing (PWB). Key points, including any further facts, anecdotal information, or important information from the published data review, were also notated.
Results
From the audit and review of the published data, we developed the Malvern classification system (Table 3) . For each pathology identified, a type was defined according to the location, incidence (cited data), mechanism of injury, imaging modality useful for identification, and data-cited treatment options (Tables 4 and 5 ).
Discussion
Osseous pathology about the talar head and neck has been minimally reported in published studies. Talar fractures account for <1% of all fractures in the body (3% to 6% of all pedal fractures), with fractures located at the neck representing 0.14% to 0.32% of fractures (1) . This location represents the second most common injury to the talus, surpassed only by avulsion fractures (6) . Examples were mainly found from small case series or case reports, with anecdotal treatments described in the series or report by the manuscript's author. Some of these fractures were actually anatomic variants misdiagnosed as fractures and vice versa. It has been reported that upward of 40% to 60% of talar avulsion fractures to the head and neck have been misdiagnosed (7) . We sought to provide diagnostic keys and cues to decrease the rate of misdiagnosis and to report on other types of pathology of the talar head and neck not currently classified.
Both the patient interview and the clinical examination play a key role in the diagnosis. The physician should determine the inciting mechanism to concentrate on certain anatomic locations of the foot. As 1 series demonstrated, patients suspected of having an ankle sprain or a fracture should have the dorsal talus palpated or examined radiographically for avulsion pathology (7) . Furthermore, the mechanism or lack thereof will help in differentiating accessory ossicles from fractures. For fractures, patients will describe a history of trauma, explaining some type of twist, fall, or violent motion to the foot as the starting point of their pain. The physical examination will often reveal pain to the touch and swelling and bruising to the area overlying the talar head and neck or navicular bone. Some patients will complain of recurrent or recalcitrant discomfort to this anatomic area expressed as a deep ache or self-limiting with activity, suggesting stress fracture, bone marrow lesion, or articular pathology.
Imaging is another important component in the diagnosis. No statistics have been reported on the laterality incidence of accessory ossicles of the foot. However, when suspicious for pathology that is traumatic in origin, ordering bilateral films for comparison is prudent. Typically, lateral and oblique XRs are a good starting point. Canale and Kelly described a technique for more accurate talar neck visualization (8) . Termed the "Canale view," the ankle is maximally plantarflexed, the foot pronated 15 , and the beam angled 75 from the horizontal plane.
Often, most of these fractures will be visualized on 3-view plain XRs of the foot and/or ankle. The radiographic signs include cortical breaks, sclerotic lines, densities in the soft tissue, and/or an increase in soft tissue density, usually adjacent to the fracture site. One report suggested that any ankle injury requiring XRs of the ankle should also have anteroposterior films of the foot to evaluate the talonavicular joint (TNJ) and talar head (9) . The radiographic sensitivity for detecting talar fractures ranges from 74% to 78% (9). Advanced talar neck avulsion fracture. However, the continued pain that was out of proportion with the findings prompted a MRI study, which revealed a nondisplaced talar neck fracture (6) . Additionally, MRI can be helpful for determining the "acuteness" of the pathology by the increased (12) reported that CT imaging provided additional fracture information, including greater extension of the fracture, additional fractures of adjacent bones, intra-articular bone fragments, and dislocations not seen on XRs in 93% of talar fracture (all variants) cases. Most of the classified pathology will heal with conservative treatment, consisting of a period of PWB in a CAM boot. Certain patterns will require a period of NWB (3, 13) . If pain becomes recalcitrant, many of these small ossicles or avulsion fragments can be excised. ORIF should be reserved for fragments that are large, intra-articular >50%, or comminuted (13) . Fracture patterns that jeopardize the motion to the subtalar joint (STJ) or TNJ should be anatomically reduced and fixed when necessary. Examples include Malvern types 3B and 4A-B, in which the talar component of the STJ middle facet can hinder sustentaculum motion across this joint (9) . Furthermore, comminution of the talar head can cause medial column shortening and muscular imbalance (9) . Overall, the rate of healing to this area is high owing to the vascular supply by the periosteal branches of the dorsalis pedis and peroneal arteries (14) (Fig. 1) . The Hawkins 1 variant (Malvern type 3B) and talar head (Malvern type 4) pose the greatest risk of avascular necrosis (AVN) because these have a higher energy etiology, although the AVN rates for Malvern 3B/Hawkins 1 fractures have been reported at approximately 10% (3, 13) . Talar head/neck stress fractures (Malvern 3A) also pose a risk owing to a cited median delay in diagnosis of 40 and 85 days for the upper and lower talar head, respectively (11) . The difference in the delay can be attributed to upper head injuries presenting with greater pain.
Specifically considering each of the injury types, the imaging options for identification and the treatment options would seem to be the most helpful to clinicians when evaluating and treating patients with such injuries.
When evaluating the accessory ossicles, Malvern types 1A (os supratalare) (15) (16) (17) (18) and 1B (os supranaviculare) (15) (16) (17) (18) can be easily seen on lateral and oblique XRs or sagittal MRI studies (Figs. 2 and 3) . Often, it is important to correlate the ossicle finding with the mechanism of the presenting injury or symptoms, because these "ossicles" could be incidental findings or avulsion fragments (Malvern type 2A) (15) . The treatment of both typically involves rest using PWB in a CAM boot until the symptoms decrease such that it is comfortable for the patient to transition back to normal foot gear and activity. Potential complications include exostosis formation or intra-articular impingement, which can result in dorsal foot irritation. If this occurs, excision of the fragment or exostosis is suggested.
Talar dorsal head and neck fractures, whether avulsion (Malvern 2A) (7, 15, (19) (20) (21) (22) (23) (24) or cortical break (Malvern 2B) (7, 15, (19) (20) (21) , are often seen on lateral or oblique XRs (Figs. 4 and 5) . Additionally, discontinuity in the S-shaped cyma line with the presence of fragments suggests ligamentous disruption and acute injury (21) . Avulsion fractures can be distinguished from accessory ossicles by history (e.g., trauma), physical examination findings of swelling, bruising, and tenderness, or a radiographic lack of osseous cortical continuity (22) . A reported 60% of these injuries will be missed in normal "ankle sprain" suspected mechanisms when the talus is skipped using the Ottawa ankle rule diagnosis scheme (7). More lateral fragments (lateral neck/body) can represent anterior talofibular ligament avulsions (insertion: anterior border of lateral articular surface on the talar neck). However, it is more common for anterior talofibular ligament avulsions to occur at the fibular end (origin: anterosuperior lateral malleolus tip) in vivo for histopathologic reasons (23) . Because of difficulties in appreciating type 2A fractures on standard views, Miyamoto et al (24) developed a radiographic technique to assist in visualization. Treatment includes rest, similar to that for Malvern type 1A-B. Talar head and neck cortical fractures can result in instability in the Chopart joint (i.e., talonavicular and calcaneocuboid); demonstration of this instability warrants surgical correction to stabilize healing (21) . Otherwise, CR with PWB in a CAM boot for 2 to 6 weeks can be used. On return to normal activity, excision might be warranted if the patient becomes symptomatic. If deemed unstable at the initial evaluation, treatment should be ORIF with Kirschner wires or mini-rail fixation for 6 weeks with NWB, followed by PWB in a CAM boot after fixation removal and a subsequent return to normal shoe gear as pain dictates (21) .
Talar neck pathology includes stress fractures (Malvern 3A) (11, 25, 26) and full fractures (Malvern 3B) (1, 3, 5, 12, 14, 27, 28) (Figs. 6  and 7 ). Both types can be appreciated on lateral XRs or CT and MRI series. Stress fractures on XRs are usually normal in the acute setting, with linear sclerosis paralleling the TNJ appreciated 3 to 4 weeks later. Bone scans will show focal uptake, and MRI will show a decreased signal intensity fracture line on all sequences, with increased signal adjacent seen on T2-weighted images (25) . Anterior talar neck stress fractures are more often associated with navicular stress fractures (11) . During the physical examination, one should evaluate for soft tissue swelling, erythema, point tenderness, and local pain that is subjectively relieved with rest and exacerbated with continued activity (25) . Malvern type 3B (i.e., Hawkins 1; Marti type 1) fractures have a 0% to 13% incidence of talar AVN, while the incidence of STJ arthritis is rare. One should evaluate for concomitant calcaneal and spinal fractures if the mechanism was high energy. A study by Dale et al (12) showed that most talar neck fractures extend from the talar body or head. Treatment of Malvern type 3A fractures has ranged from activity modification for 2 to 4 weeks to NWB in a short leg cast (SLC) for 3 weeks, with subsequent PWB until transitioning to normal shoe gear (11) . Malvern 3B fractures should be treated with NWB in a CAM boot or SLC for 6 to 8 weeks followed by PWB in a CAM boot for another 4 to 8 weeks. Conservative treatment should be reserved for true nondisplaced talar neck fractures, although ORIF could be necessary for displaced talar neck fractures (5) .
Talar head fractures can be nondisplaced (Malvern 4A) or displaced (Malvern 4B) (1, 5, 9, 10, 12, 13) (Figs. 8 and 9 ). Both are best seen on oblique or Canale and Kelly foot XRs, ankle mortise XRs, or CT series. One should look for accompanying subluxation or dislocation or adjacent bone fractures. These fractures are often found with STJ instability or dislocation or lateral column injuries (cuboid) (9) . To assess the stability of fractures at the TNJ (displaced versus nondisplaced), live fluoroscopic TNJ stress testing or plain film anteroposterior XRs (fully inverted and everted) should be used to determine joint and fragment stability (9) . Treatment has varied between CR and ORIF, depending on instability, comminution, and articular nature (13) . Type 4A injuries are typically treated with NWB for 4 to 8 weeks in a CAM boot or SLC with radiographic evidence of healing noted at approximately 6 to 8 weeks. Type 4B should be treated by ORIF with NWB for 6 to 12 weeks in SLC. The published data have recommended excision of fragments if <50% of the articular surface and attempted reduction if >50% of the articular surface is involved. Anatomic reduction is key to reducing the likelihood of TNJ osteoarthritis and AVN (5) . Primary fusion should be considered for severe comminution. Early et al (9) provided surgical techniques for this injury. Overall, these fractures will often be nondisplaced owing to the strong intertarsal ligaments. One should stress nondisplaced fractures to confirm stability of the fragment and TNJ (9) . CR can be hindered by head penetration through the extensor retinaculum. Once a fracture has been identified on XR, a CT scan should be ordered to evaluate the extent of articular extension and degree of displacement or rotation and determine whether any talar neck involvement is present (5) . Malvern type 4B has a reported 10% rate of AVN in talar head fractures (13) .
Talar head osteochondral lesions (Malvern type 5) can be viewed as injuries similar to those of the talar dome (10) (Figs. 10 and 11) . Malvern type 5 injuries are best visualized using the same modalities used for Malvern type 4, which will show radiographic findings of a sclerotic margin around a radiolucent defect at the head. MRI series will show a decreased T1-weighted or increased T2-weighted signal intensity in the subchondral bone, indicative of potential loss of cartilage integrity. Conservatively, a short period of rest with antiinflammatory medication and activity modification is suggested. Operative treatment can be reserved for persistently painful lesions or if OCL fragments separate from the subchondral bone, with core decompression or bone marrow-simulating techniques as options for treatment. Fusion should be reserved for chronic and persistent pain. Findings from the reported cases (n ¼ 4) have shown that lesions can persist radiographically despite patients being asymptomatic. This suggests that more aggressive treatments can be reserved for symptomatic patients (10) .
The present study had several limitations. We realize that an internal practice audit with years of data available would have been ideal to further define the particular pathology of the talar head and neck, with accompanying details such as the rate of incidence, patient-stated mechanism of injury, mode of discovery, and so forth; however, this was not practical. This was attempted through an International Classifications of Disease (ICD), versions 9 and 10, patient search. The office ICD audit was not all inclusive for multiple reasons. Because the study was retrospective and included data from the practice of 3 foot and ankle physicians, no standardization in practice methods were used among them (e.g., how one defines the pathology, choice in ICD code used, collection of patient information, and recording of details); thus, consistent medical data documentation to allow for measured patient discovery was not possible. Pertaining to the codes used for discovery, patients might not have been identified if the physician had not coded the fracture specifically (e.g., using neck or avulsion) and used a general talar fracture code. Furthermore, it was impossible to identify stress fracture injuries to the talus owing to the lack of a specific code and most likely a generic code was used of bone marrow edema (code D75.89) or stress fracture of the foot (codes M84.374A, M84.375A). Searching for these codes would have resulted in a plethora of patient data to analyze. Additionally, no code exists for talar head fracture. Also, the nature of the ICD, version 10, limits the types of fractures that could be quantified in an office audit. Finally, because the study was retrospective, subjectivity was present regarding how each physician initially defined the pathology (e.g., os supratalare versus talar head/neck avulsion fracture) and how the preparing author (C.R.H.) defined this. Thus, the internal audit was abandoned, and a full, comprehensive, published data search was performed, as demonstrated.
Although academic in nature, we hope our classification system will increase awareness of talar head and neck injuries that have not been well reported in published studies. As Mickel et al (6) and Schmitt et al (21) revealed, greater pathology can be masked and ignored when just a simple avulsion fracture is visualized on XRs. As more case series or retrospective reviews are performed and reported, more information will be gained regarding the incidence, treatment, and long-term outcomes.
In conclusion, case reports are very rare regarding the individual instances of this talar head and neck pathology. Although true talar neck fractures have been classified adequately (Hawkins type 1), other pathologic entities such as accessory ossicles, neck avulsion fractures, neck cortical fractures, neck stress fractures, and head OCLs have not been adequately classified. In the present report, we sought to further advance the recognition and knowledge of talar head and neck pathology and give context to these fracture patterns to assist the physician in the clinic. 
